II. Materials And Method
Study Area Description. The study area is located on the Benin River just below the confluence of River Ethiope and Jamison. It has a human population of about 142,652 with geographical coordinates of 5 0 54' -5 Sample Collection and Preparation. Top (0-15cm) and sub (16-30cm ) soil samples were collected in November, December and January in three sampling sites as shown in Table 1 . Stones and residual roots were removed from each soil core and stored in black polyethylene bags, lyophilised before extraction and analysis to avoid microbial degradation, photoxidation and evaporation of analytes. Extraction and Analysis: The PAHs were extracted from 10 g of dry soil by a continuous extractor with 60 ml of methylen chloride for 8 hrs. Before extraction, the mixture of four deuterated PAHs (d10-acenaphthene, d10-phenanthrene, d12-chrysene and d12-perylene) was added to the sample as internal standard. Methylene chloride was removed by a rotary evaporator at temperature below 35 0 C, the extract was purified by solid phase extraction after recovery with three portions of n-hexane (1 ml each). A glass column was filled with 8 g of Al 2 O 3 after the addition of the sample onto the column. The removal of hydrocarbon and other non-polar impurities was done by use of 40 ml of n-hexane. PAHs were then eluted by means of methylene chloride (40 ml), the resulting solution was dried and redissolved in 1ml of isooctane.
Quantification of PAHs was determined using Varian 300 gas chromatograph interfaced with flame ionization detector (GC-FID). The initial oven temperature was 60 0 C for 10 min and was then increased to 120 0 C at 5 0 C min -1 and 120 -300
. 
III. Results And Discussion
Statistics summary of the concentration of sixteen PAHs in forty-eight samples representing top and sub sampling in twenty-four sample points are presented in Table 2 Descriptive statistics for all forty-eight samples are listed in Table 2 , 3 and 4. Included in the statistics for each analyte is the range, mean, standard deviation, median, geomean, standard skewness and Kurtosis. All statistics reported in Table 2 Closeness of the geometric mean and median with each other and the reverse for arithmetic mean and standard deviation is an indication of log-normal distribution (Ogbeibu, 2005; Gaga, 2004) . As shown in Table  2 , 3 and 4, geometric mean and median are very close to each other and for most of the PAHs and they are lower than the arithmetic mean and this observation is due to very high concentration of PAHs detected in few of the samples. For instance, in Table 2 median and geomean values for Phe are 3.15 and 4.75 respectively, which are very close to each other. However, arithmetic mean and standard deviation of Phe are 12.24 and 27.28 respectively, which is significantly higher than geomean and median and it correspond to concentration values where only small numbers (N) of data point exist. The high concentration differences strongly suggest that the data are log-normal. This observation was explored further using standard skewness and kurtosis were most of the standard skewness values are higher than 0 showing right tailed distribution, with standard kurtosis showing similar trend.
Cluster analysis was used to identify the similarity and dissimilarities between sample points. Figure 2 showed the homogeneity between sample points with the squared euclidean distance ranging between 1.98 and 58965.58. As shown in the hierarchical dendogram in Figure 1 cluster solutions were observed with high similarities of cluster pairs between stage 1 and 12. The first cluster group (C 9 , C 59 , C 39 , B 72 and C 29 ) joined cluster group 2 (C 49 , C 79 , C 69 ,) at stage 9. Also cluster group 3 (B 12 In a related scheme, the internal structure of the mean data in the summary statistics were determine using Pearson Correlation Coefficient to find association between the variables using Pair-Wise deletion from SPSS 20.0 software assuming that the data have normal distribution. The evaluated PAHs were considered as object and the sample points as variable resulting in Pearson Correlation matrix in Table 5 . The many significant correlated pairs in the correlation matrix were further assessed at value were r > 0.70, results showed that several sample points have positive and high correlation The clustered and correlated pairs in the hierarchical dendogram and correlation matrix showed that the sources and physiochemical properties of the examined PAHs have common association. Results also confirm significant relationship between sample points. The tendency of sample points or experimental variables to cluster or correlate is a function of many factors which includes: either sources of contaminant(s) or their degradation pattern and/or mobility indexes are similar in the environment (Spiff and Horsfall, 2004; Hair and Black, 2004 ). A41  A51  A21  A31  A61  A71  B2  B12  B42  B52  B22  B32  B62  B72  C9  C19  C49  C59  C29  C39  C69 Dept-Wise Distribution of PAHs: As shown in Figure 2 - Similarly, the combustion of grass vegetation, indiscriminate burning of industrial, commercial and domestic wastes and the accumulation of humus in 0-15cm soil layer, PAHs is expected to have high concentration due to high organic carbon content ascribed to "aging" (Lundstedt, 2003; Wilcke et al., 2005; Van Zuydam, 2007) . However, this study recorded relatively low concentration of PAHs in most top layer probably due to high and variable anthropogenic activities in this layer. The observed trend in low concentration of PAHs in most top soil samples could be related to the fact that PAHs can be degraded through the process of photooxidation. Under ozone and light, the half-lives of several PAHs vary between a few minutes to few hours (Mackey et al., 1991) . The rate of degradation increases with increased dissolve oxygen concentration, temperature, and light intensity, these factors are high in 0-15 cm layer than 16-30 cm layer. Surface runoff could also be responsible for the relatively low concentration of PAHs observed in top soil samples. The mean concentrations of PAHs obtained in this study are in agreement with those reported in other literature (Ikolo, 2006 and Van Zuydam, 2007) . The concentration of monitored PAHs also showed that sample site A and B recorded higher percentages than C (control).
Polycyclic Aromatic Hydrocarbon Profiles in the Soil Profile:
The removal of PAHs from soil matrix is normally associated with biotic and/or abiotic degradation processes, the rate of degradation vary and generally decreases with increasing number of aromatic rings (CCME, 2008). Stratifying PAHs into different class depending on the number of aromatic rigs present in their structure explore the identification of PAHs in terms of pyrolitic or petrogenic sources. Within the 16 PAHs, 2 and 3 ring PAHs belong to LPAHs which are predominantly petroleum PAHs, while 4, 5 and 6 ring PAHs belong to HPAHs which are predominantly pyrolitic PAHs (Soclo et al., 2000) .
The percentage distribution of aromatic ring -2 (Nap) Figure 5 showed that ring PAHs are in the order 6 > 4 > 3 > 5 > 2. Also, PAHs ring percentage distribution in Figure 6 and 7 are in the order 2 < 4 < 5 < 3 < 6 and 3 > 6 >2 >5 > 4 respectively. Observation of percentage distribution of ring PAHs in Figure 5 , 6 and 7 showed relatively low percentages in top than sub samples. The observed trend in low concentration of PAHs in most top soil samples could be related to the fact that PAHs can be degraded through the process of photo-oxidation. Under ozone and light, the half-lives of several PAHs vary between a few minutes to few hours (Mackey et al., 1991) . The rate of degradation increases with increased dissolve oxygen concentration, temperature and light intensity, these factors are high in 0 -15 cm layer than 16 -30 cm layer. Also, the LPAHs tend to oxidize and volatilize at a faster rate -shorter halflives -while four, five and six (HPAHs) PAHs will degrade partially at a slow rate -longer half-live - (Earl et al., 2003) . Hence the observed higher concentration of HPAHs over LPAHs Also, two and three rings PAHs are more sensitive to photo-oxidation than four, five and six ring PAHs. Because of their high degree of lipophilicity and are partially soluble in water, four, five and six ring PAHs exhibit much greater tendency to be sorbed to soil or sediment -which makes them unavailable for biotic degradation -rather than partition into water or air like their two and three ring counterparts.
Basically the phenomenon in which two and three ring PAHs tends relatively undergo biotic and abiotic degradation over four; five and six ring PAHs that prefers bioaccumulation will tend to quantitatively eliminate the existence of petrogenic over pyrolitic PAHs. Table 6 . In this way source apportionments were deduced. Results showed that there is high variability of sources of PAHs as seen in the ratios of the various sample sites. (Soclo, et.al., 2000) . The ratios of LPAHs/HPAHs greater than 1 are suggestive of petroleum origin while ratios less than 1 are of pyrolitic processes (Witt and Trost, 1999; Soclo et al., 2000) . The LPAHs/HPAHs ratio of the total mean reveal that the origin of PAHs is pyrolitic in sample sites A and B except C having petroleum ratio. Similarly, LPAHs/HPAHs ratios of the mean of top and sub samples showed that the source of PAHs is pyrolitic in sample site A and B except C with petroleum origin ratio. Generally, from the percentage distribution of the ratios of all isomer pairs in Table 6 , the source of PAHs in the sample sites are petrogenic and pyrolitic. This indicates a considerable vehicular and combustion fleet of petrol and diesel engine and burning of wood and refuse. Furthermore, the presence of both petroleum and pyrolitic PAHs in all sample station can be adduced to the fact the PAHs can be transported regionally and continentally as gases or aerosols during winter without significant biotic and/or abiotic degradation on atmospheric particles (Monali et al., 2000 Where: Total mean (Tm), Top Mean (tm) , Sub Mean (sm), Pyrolitic (x) and Petrogenic (y)
IV. Conclusion Recommendations
Contemporary information on the concentration, distribution and multimedia behavior in soil were reviewed. The partitioning of these compounds in soil profile was evaluated in this research. The total values of 16 PAHs varied between 1.14 and 652.81µg.g Descriptive statistics showed that the obtained concentration of PAHs in most sample points has log-normal distribution and are consistent with results reported from other soil matrix. This study has revealed the degree of contamination of PAHs in the study area; therefore, the obtained concentration of PAHs could help to set a baseline benchmark and evaluation of exposure risk to terrestrial organisms in the rapidly urbanizing study area.
